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Introduction 39 40
Countries around the world are adopting laws/policies intended to lower Greenhouse 41 Gas (GHG) emissions, which results in an increasing interest in alternative renewable sources 42 for producing bioenergy, biochemicals, and biomaterials. Despite this interest, according to 43 the International Energy Agency (IEA), oil, natural gas and coal still account for almost 44 81.7% of the world's current primary energy supply (Bell et al. 2014 ). Moreover, many 45 industrial chemicals and synthetic materials are still dependent on petroleum-derived 46 products (Kurian et al. 2013 ). For instance, 42% of the petroleum revenue came from 47 chemicals, plastic and rubber. Surprisingly, this category consumes only 4% of petroleum 48 (Werpy, 2009) . 49
As an alternative feedstock to petroleum-based products, lignocellulosic biomass has 50 been recognized as a promising resource for the production of non-energy commodities, such 51 (Kurian et al. 2013) . 65
While the biorefinery concept has emerged as an alternative way to petroleum 66 dependence, the rising demand for biomass from the traditional forest industry and the 67 emerging bioproducts industry have increased the complexity of multilevel supply systems. 68
This creates a need for the integrated biomass supply chain management (BSCM) approaches 69 (Iakovou et al. 2010 ). Therefore, a method for designing profitable biomass supply chains 70 (BSC), which can also accommodate these aforementioned challenges, is vital to the long-71 term economic viability of this emerging industry (Sukumara et al. to traditional products, such as pulp and paper. The cellulose and hemicellulose-derived 164 carbohydrates can be refined into various value-added bio-based products, such as alcohols, 165 esters and carboxylic acids, through so-called "sugar platform" biorefineries (Cheng et al. 166 2010). Moreover, the world's first cellulose nano-crystalline plant was built in Canada with a 167 capacity of one t·day -1 (Hamel 2016) . 168
Innovative technologies to create value-added and high-value bio-based products have 169 led to improved usage of forest harvesting and mill residues, such as kraft lignin. The primary 170 source of technical lignin is the pulp and paper industry (Mahmood et al. 2013 ). According 171
to Moshkelani et al. (2013) , the kraft lignin pulping residues can increase the revenue margin 172 of mills through conversion into higher valued marketable products such as biofuels, 173 synthetic gas and chemicals. 174
In the kraft pulping process, only 42% to 44% of softwood biomass after bleaching, 175 and about 50% of hardwood is converted into pulp, and the residue (mainly hemicelluloses 176 and lignin) is combusted in the recovery boiler (Moshkelani et al. 2013 There are a number of conversion technologies available to convert biomass residues 224 into a range of biofuels and chemicals (Srirangan et al. 2012) . In this paper, a short overview 225 of recent papers addressing lignin conversion technologies for chemicals and materials is 226 • Biomass-to-energy: power, heat and fuels; 277
• Biomass-to-materials and chemicals (non-energy) that can be further classified into two 278 product groups: traditional wood, paper and textile products (e.g., cotton, pulp); and, 279 synthetic chemicals and materials (e.g., plastics, fibres and nitrogen fertilizers). 280
This review focuses on the bio-based chemicals and materials from forest residues, 281 highlighting the potential lignin bioproducts. Biomass to bioenergy and biofuels production is 282 widely discussed in previous reviews, such as Hughes et al. (2013) bio-fuels production. Only about 10% of the papers targeted both bio-energy, and bio-based 499 materials and chemicals (such as specialty chemicals, pulp and wood products, newsprint 500 products, lignin products, furfural and commodity chemicals). Finally, less than 5% of the 501 papers focused solely on bio-based materials and chemicals. More specifically, the main 502 products targeted were ethanol (~ 40%), electricity (~ 23%) and heat (~23%). However, none 503 of the papers focused on the carbon black, PF and PU resins, epoxy resins and carbon fibre, 504 discussed in a previous section of this article. 505
Overall, 10 papers were targeting bio-based materials and chemicals and bioenergy 506 (Table 3) Maximizing profit for commodity chemicals production via woody biomass fast pyrolysis and hydro processing pathways.
For a case study of Minnesota, U.S., the model demonstrated that distributed biomass chipping facilities are more profitable than roadside chipping, rich biomass sites are preferable locations for building a biorefinery, also that biomass availability and facility capital costs are the most significant variables affecting the project profitability. Cambero et al. (2015) Multi-period MILP model Optimize the BSCD of forest residues for the production of bioenergy.
The model recommended the installation of small biomass boilers coupled with steam turbines for electricity production and pyrolysis plants to supply the needs of Williams Lake timber supply area, in British Columbia, Canada. 
MILP
Optimally integrate regional biomass and bioenergy supply network including production processes from different sources of biomass producing first, second and third generation biofuels.
It is feasible to produce second and third generation biofuels. Biomass and waste, especially switchgrass and algae, were found to be promising raw materials for producing biofuels. Biorefinery supply networks could reveal significant unburdening capabilities of GHG emissions.
Tong et al.
Multi-period MILP model
Optimizing the BSCD for an advanced drop-in hydrocarbon biofuel BSC, integrating with existing. petroleum refineries under uncertainty.
Their model demonstrates, through a case study of Illinois, that advanced hydrocarbon biofuel BSC integrated with existing petroleum refinery infrastructure significantly reduces capital cost and total annualized cost, when compared to traditional biofuel BSCs. 
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See Table 2 Forest residues. Commodity chemicals See Table 2 Kokossis et al.
Developing a systems approach for the design of integrated biorefineries, finding the most profitable biorefinery portfolio.
Wheat straw, rice; poplar and birch.
37 chemical compounds, 20 intermediates, and 17 final products.
Total site integration was found to offer savings of up to 88% when compared with the nonintegrated case. The final products selected were xylonic acid, polyamide 2 , polyester, polyamide 3 , lignin-based castor oil, polyurethane coating, and resins. Mesfun and Toffolo (2015) Integration of a pulp and paper mill and a wood-pellet plant that share a heat and power plant.
Pulp wood, roundwood sawdust and wood chips.
Heat, power, pulp, lumber and wood pellets.
The integrated cases studied performed better economically than the standalone ones in terms of investment opportunity. Santibañez-Aguilar et al. (2015) Optimal planning of a distributed biorefinery system, accounting for the time dependence of the involved variables and parameters.
Wood chips, sugar cane, sorghum grain, sweet sorghum and corn grain.
Bioethanol and specialty chemicals.
BSCs based on biomass conversion are seriously affected by the availability of biomass resources over the time.
Kong et al. (2012)
To develop an optimization model to integrate the roundwood and forest biomass value chains in the initial stage of the FBSCs. Minimizing costs of procurement, chipping, inventory, and transportation.
Sawlogs, pulpwood, and forest residues, and wood chips and bark.
Heat, pulp and wood products.
In an integrated market there may be competition between heat generation and pulp because pulpwood can be used as raw material in both. 
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Improvements the model published in 2012 in order to address log-term planning. They presented a new approach that can jointly choose areas and define price levels for different assortments at the chosen supply points of the BSC in the long term planning.
Sawlogs, pulpwood, forest residues, wood chips and bark.
With their model different equilibrium prices for roundwood and forest biomass can be generated, and possible unprofitable supply points can be excluded.
Sukumara et al.
A region-specific optimization model which links various aspects of the biofuel supply chain, such as feedstock source location, upstream and downstream logistics, as well as thermochemical and bio-chemical processing.
Corn stover and forest residues.
Ethanol, electricity and chemicals.
The model was proved to be the basis for a decision support tool that can guide investors and policy makers in making critical assessments on a local level in any particular region of interest.
Dansereau et al.
Integrating BSC planning and framework to optimize a superstructure that would ultimately assist decision makers to create BSC policies that can readily adjust to market changes.
Recycles paper, logs, and chips.
Newsprint products, lignin products, furfural, ethanol and heat.
By applying key concepts of the margins-based framework a company could increase its performance and robustness through BSC planning. Zhang and Wright (2014) Determinate the optimal plant sizes, locations, and product distributions for an integrated fast pyrolysis biorefinery BSC.
Forest residues.
Hydrogen, liquid fuels, commodity chemicals, and lignin.
Liquid fuel prices influence the annualized profit more then the commodity chemical price.
Čuček et al.
See Table 2 Corn grains, wood chips municipal solid waste, corn stover, organic manure and timber.
Heat, electricity, Ethanol, Corn-food, digestate boards, and distillers dried grains with solubles.
See Table 2 
